Abstract. The aim of the present study was to investigate the immunohistochemical expression of cluster of differentiation (CD) 34 and vascular endothelial growth factor (VEGF) in breast cancer tissue, and their prognostic significance. High CD34 expression levels (microvessel density, >15/HPF) were identified in 27.3% (12/44) of cases, exhibiting no significant correlation with the clinicopathological characteristics of the patients. However, Kaplan-Meier analysis demonstrated that the survival time of patients with high CD34 expression was significantly shorter than that of patients with low CD34 expression (50.0 vs. 90.6%; P= 0.003). Samples with high VEGF expression levels (++ or +++) accounted for 63.6% (28/44) of the total number of cases. High VEGF expression was significantly prevalent in patients aged ≥50 years compared with patients aged <50 years (≤78.6 vs. 37.5%; P= 0.006). Furthermore, all patients with vascular invasion exhibited high VEGF expression levels; thus, patients with vascular invasion presented with significantly higher VEGF expression rates compared with patients with no vascular invasion (100.0 vs. 55.6%; P= 0.018). However, Kaplan-Meier analysis demonstrated that high VEGF expression was not correlated with the overall survival of the patients (P= 0.366). By contrast, Cox multivariate analysis identified that clinical stage, triple-negative subtype and age were independent prognostic factors for patients with breast cancer (P= 0.005, P= 0.006 and P= 0.032, respectively), and that CD34 expression was a potential independent prognostic factor (P=0.055). Therefore, the present study determined that for patients with breast cancer, a high level of CD34 expression may be a potential indicator of a poor prognosis.
Introduction
In recent years, a significant progression in the field of cancer research has been the clarification of the important role of tumor angiogenesis in the development of tumors and, thus, the significance of antiangiogenic therapy for the treatment of cancer (1, 2) . Tumor angiogenesis refers to the process in which the growth of capillary vessels is induced by tumor cells and blood circulation is established in the tumor microenvironment. Angiogenesis is important in the growth, invasion and metastasis of the tumor. The concept of the angiogenic switch, which was initially proposed by Hanahan and Folkman (1) in 1996, further clarified that the proliferation and metastasis of primary solid tumors is dependent on angiogenesis, and is regulated by pro-angiogenesis factors and angiogenic inhibitory factors. Consequently, the association between capillary vessels, and tumor growth, invasion, metastasis and prognosis has become a popular research topic (2) .
Cluster of differentiation (CD) 34 is a specific marker of vascular endothelial cells. In particular, CD34 is particularly sensitive to tumor angiogenesis, as it can clearly represent the state of neovascularization during the growth of a tumor (3) . Vascular endothelial growth factor (VEGF), a factor involved in vascular endothelial proliferation, can specifically promote cell proliferation and angiogenesis, and is closely associated with the growth, invasion and metastasis of tumors. Therefore, CD34 and VEGF are two important indicators of tumor angiogenesis. Recently, the associations between CD34 and VEGF expression, and the clinicopathological characteristics of patients with cancer have been reported; however, the association between these associations and the survival of patients with cancer have rarely been reported. It has previously been demonstrated that the expression of CD34 and VEGF is of great importance for determining the prognosis of cancer patients (4-7), however, certain studies have argued that there is no significant association between the expression of CD34 and VEGF, and the survival of patients with cancer (8, 9) . Therefore, the aim of the present study was to analyze the association between the expression of CD34 and VEGF, and the survival of patients with breast cancer, in order to identify the clinical significance of these two indicators in determining the prognosis of patients with breast cancer. Immunohistochemical analysis. The expression of CD34 and VEGF was detected using the EnVision immunohistochemical method (Dako, Glostrup, Denmark), according to the manufacturer's instructions. Briefly, the tissue sections were deparaffinized and rehydrated conventionally, and then incubated with 1 mM EDTA for 10-15 min at 100˚C in a pressure cooker for antigen retrieval. Following incubation with 3% H 2 O 2 for 5 min to remove endogenous peroxides, the sections were washed with phosphate-buffered saline and then incubated with rabbit monoclonal CD34 (clone EP373Y; dilution, 1:100; cat. no. ab81289; Abcam, Cambridge, MA, USA) or polyclonal VEGF (clone A-20; dilution, 1:300; cat. no. sc-152G; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) antibodies for 2 h at room temperature, followed by incubation with horseradish peroxidase-conjugated secondary antibody (dilution, 1:100; cat. no. SA00001-17; Proteintech Group, Inc., Chicago, IL, USA). The signal was detected using 3,3'-diaminobenzidine substrate and then sections were counterstained with hematoxylin to visualize the nuclei.
Subjects and methods

Subjects
Interpretation of immunohistochemical results
CD34 expression in vascular endothelial cells. According to the method described by Weidner (11), endothelial cell clusters expressing CD34 and forming lumen or vessels were counted as individual microvessels. However, a luminal area larger than the sum of the diameters of eight erythrocytes, or a blood vessel with a thick muscular layer or a single positive cell were not counted as microvessels. Tumor sections were scanned under light microscopy (TH4-200; Olympus Corporation, Tokyo, Japan) at low power (magnification, x40) to identify vascular intensive areas (hot spots). Individual tumor microvessels were then counted at high power (magnification, x100) in five fields and the mean vessel count in three hot spots was used as the microvessel density (MVD). However, in contrast to the methods described by Keyhani et al (12) , the present study defined a low expression CD34 level as an MVD value of ≤15/HPF (Fig. 1A ) and a high CD34 expression level as an MVD value of >15/HPF (Fig. 1B) .
VEGF expression in vascular endothelial cells. The expression intensity of VEGF and its distribution in the tumor samples were observed at high power (magnification, x100), and semi-quantitatively analyzed. Cytoplastic brown granules in the cytoplasm or membrane of the tumor cells were considered as positive for VEGF expression when the proportion of Statistical analysis. SPSS statistical software (version 17.0; SPSS, Inc., Chicago, IL, USA) was used to perform the statistical analyses in the present study. Comparisons between groups were analyzed using a χ 2 test and univariate survival analysis was conducted using the Kaplan-Meier method. In addition, a log-rank test was performed to identify significant factors for Cox regression multivariate analysis and ultimately to determine independent factors affecting the survival of the patients. P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of CD34 in breast cancer. As determined by immunohistochemical analysis, 32 specimens of breast cancer expressed low levels of CD34, with an MVD of ≤15/HPV, accounting for 72.7% of cases. By contrast, 12 specimens expressed high levels of CD34, with an MVD of >15/HPV, accounting for 27.3% of cases. The expression of CD34 had no significant correlation with the clinicopathological factors of the patients enrolled in the present study (P>0.05; Table I ). However, Kaplan-Meier analysis demonstrated that the overall Table I . Association between CD34 and VEGF expression and various clinicopathological factors. When the tissues were divided into two groups by the patient's age (≥50 and <50 years), the proportion of patients exhibiting high VEGF expression in the ≥50 years group was significantly higher than that in the <50 years group (78.6 vs. 37.5%; P= 0.006). In terms of vessel infiltration, VEGF was highly expressed in all 8 patients with vessel infiltration (100%), but was only expressed in 20/36 patients without vascular invasion (55.6%); this difference was statistically significant (P= 0.018) ( Table I) .
Cox regression multivariate analysis. Cox multivariate analysis identified that clinical stage, molecular type and age were independent prognostic factors for breast cancer (P= 0.005, P= 0.006 and P= 0.032, respectively), while the expression of CD34 was identified as a potential prognostic factor (P= 0.055; Table II) .
Association between the OS of patients and lymph node metastasis.
There was no significant difference between the OS of breast cancer patients with and without lymph node metastasis (P= 0.075; Fig. 3 ). However, when the samples were divided into four groups according to the metastatic lymph node number (N, 0; N1, 1-3; N2, 4-9; and N3, >10), the difference in OS between each group was statistically significant (P= 0.001; Fig. 4 ).
Discussion
CD34, also known as human hematopoietic progenitor cell antigen, is a single-chain transmembrane glycoprotein with a molecular weight of 105-120 kDa, located on the long arm of chromosome 1. CD34 is an endothelial cell-specific marker, predominantly expressed on endothelial and hematopoietic progenitor cells, and closely associated with the process of angiogenesis (13) . In addition, it is a more objective indicator for evaluating the extent of tumor angiogenesis. High expression of CD34 indicates a high MVD, i.e., more microvessels within the tumor tissue. Neovessels provide nutrients and oxygen for tumor cells and remove metabolic waste, promoting the growth rate of tumor (7). Furthermore, increased contact between the tumor cells and the blood vessels, the weak and thin neovessel wall, and the incomplete matrix membrane further promotes tumor cell adhesion and entrance of tumor cells into the vessel. Tumor cell metastasis can then occur via the blood circulation, allowing spread to other areas of the body and form new metastatic lesions. Therefore, an increase in the number of capillaries indicates an increased probability of invasion and metastasis (2) . Ch'ng et al (14) analyzed CD34 expression in 94 invasive ductal breast cancer tissue samples and identified that CD34 was highly expressed in the youth group (aged ≤55 years), but was not associated with other clinicopathological factors. In addition, the clinical stage of breast cancer was determined to be a major contributor to a poor prognosis. Similarly, Murri et al (15) reported the expression of CD34 in 168 patients with early invasive breast cancer. This study identified that an increased tumor MVD was correlated with the OS of the patients (P<0.05), and multivariate analysis identified albumin concentration, topical therapy, systemic therapy and tumor MVD as independent factors for predicting a poor prognosis (P<0.05). By contrast, Chuangsuwanich et al (16) used immunomarkers on tissue microarrays to classify the subtypes of breast cancer, and performed a correlation analysis between breast cancer subtype, and various clinicopathological features and prognostic markers, such as Ki-67 expression, p53 expression, MVD and VEGF expression. However, no significant elevation in MVD or VEGF expression was apparent. In the present study, the OS time of patients with high CD34 expression was significantly shorter compared with patients with low CD34 expression (P= 0.003). Additionally, Cox multivariate analysis identified that CD34 expression at >15/HPV was a potential indicator of a poor prognosis (P= 0.055). Thus, detection of CD34 expression may provide a novel potential tumor marker for the clinical diagnosis and prognosis of patients with breast cancer. VEGF is a highly specific endogenous vascular endothelial cell growth factor that activates tyrosine kinase receptors, predominantly via binding to its specific surface receptor, VEGF receptor-1 [VEGFR-1 (Flt-1)] , and causing the initiation of signal conduction. This signaling can promote the mitosis of endothelial cells and eventually results in neovascularization. Furthermore, VEGF signaling can increase vascular permeability by increasing the production of enzymes required for the degradation of extracellular matrix (4). Good vascularization allows tumor cells to receive sufficient nutrients for rapid proliferation and to enter blood vessels for distant metastasis. The majority of previous studies have identified that VEGF expression is significantly increased in metastatic breast ductal carcinoma and is correlated with the poor clinical outcomes in patients with early-stage breast cancer (12, (17) (18) (19) . Furthermore, VEGF may be an independent prognostic factor for the disease-free survival and OS of breast cancer patients (20) . Thus, anti-VEGF therapy may have potential in the treatment of patients with breast cancer. Bevacizumab is a recombinant humanized monoclonal antibody for human VEGF that can prevent the biological effects of VEGF by neutralizing it. This neutralization of VEGF inhibits the formation of new blood vessels and reduces the oxygen supply, blood supply and nutrient supply to the tumor area, resulting in inhibited tumor growth (2, 21 ). An international multi-center open randomized phase III clinical trial conducted by the Eastern Cooperative Oncology Group (E2100) and reported by Miller et al (21) appears to be the most representative trial of bevacizumab conducted thus far (22) . In March 2008, bevacizumab in combination with paclitaxel was approved by the Food and Drug Administration (FDA) for use in the first-line treatment of metastatic breast cancer. However, a large number of clinical studies of bevacizumab were subsequently conducted and identified that, although improved progression-free survival was observed, improved OS was not (23) (24) (25) ; therefore, the application of bevacizumab for the treatment of metastatic breast cancer was revoked by the FDA. However, the administration of bevacizumab combined with paclitaxel for the treatment of metastatic breast cancer is still retained in the American National Comprehensive Cancer Network Guide (26). In addition, it is still widely applied in the treatment of colon cancer, lung cancer, glioblastoma, renal cell carcinoma and other tumors (4, 27) .
Tumor angiogenesis is an important part of the process of breast cancer growth and metastasis; it is a complex multi-factorial and multi-step process that can be used to indicated if a tumor is malignant. In the process of tumor development, various angiogenic factors are preferentially expressed at different stages. However, as a key factor with the strongest pro-angiogenic activity, VEGF is expressed throughout the process of tumor development and is correlated with patient survival (4,6). Ni et al (28) reported that VEGF expression in 75 patients with breast cancer was negatively correlated with survival time, indicating that VEGF may be a malignant phenotype of breast cancer, with increased expression predicting a poor prognosis. By contrast, a study conducted by Dhakal et al (8) identified that VEGF expression is associated with the differentiation of squamous cell carcinoma of the vulva, but not with patient survival. Similarly, a previous study determined that VEGF expression is not associated with clinicopathological factors or survival in patients with colorectal cancer (9) . Furthermore, a meta-analysis of 1,357 patients with breast cancer identified that overexpression of VEGF-C was not correlated with the survival of patients with breast cancer (29) . In the present study, high VEGF expression was identified in all 8 cases of breast cancer with tumor thrombi. All the breast cancer tissues with vascular invasion highly expressed VEGF (100%); this value was significantly higher than in the tissues not exhibiting vascular invasion (55.6%; P=0.018). In addition, patients aged ≥50 years presented with a higher VEGF expression rate (78.6%) compared with patients aged <50 years (37.5%) (P= 0.006). However, Kaplan-Meier analysis determined that differences in the OS of patients were not significant between the high and low VEGF expression groups (P=0.366). Thus, consistent with results reported by Gao et al (29) , VEGF expression was not an independent prognostic factor for the breast cancer patients. However, data obtained in the present study identified that clinical stage, molecular typing and age were independent prognostic factors for patients with breast cancer (P= 0.005, P= 0.006 and P= 0.032, respectively), while the expression of CD34 was determined to be a potential independent prognostic factor.
Srabovic et al (30) examined VEGFR-1 and VEGF expressions levels in tumors and the adjacent tissue of 51 patients with breast cancer, and in the healthy breast tissue of 30 patients with benign breast diseases using immunohistochemical staining. The results demonstrated that the expression of VEGFR-1 and VEGF were significantly higher in the breast cancer tissues compared with the healthy breast tissues (P<0.01). Furthermore, a significant correlation was identified between VEGF and VEGFR-1 expression levels (P<0.05); while no significant correlation was observed between VEGF and VEGFR-1 expression, and tumor size, histological grade or hormone receptor status. Increased expression of VEGFR-1 and VEGF in breast cancer tissues, and significant correlation between the two proteins, indicates a possible role of the VEGF/VEGFR-1 signaling pathway in the development of breast cancer, although the potential prognostic value of VEGFR-1 has not yet been confirmed. A study conducted by Keyhani et al (12) demonstrated that angiogenic markers in breast cancer (for example, CD34) are potentially useful tools for determining the most appropriate priority setting for delivering antiangiogenic agents.
Although the sample size used in the present study was small, the OS of patients according to the number of metastatic lymph nodes (staged according to the 2010 edition of the UICC staging system) demonstrated statistically significant differences. Therefore, the current findings provide a greater scientific basis for employing the UICC staging system in breast cancer.
